We observed an unconventional parity-violating vortex in single domain Sr 2 RuO 4 single crystals using a transport measurement. The current-voltage characteristics of submicron Sr 2 RuO 4 shows that the induced voltage has anomalous components which are even function of the bias current.
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A quantized vortex is a topological matter in superconductors and superfluids. In metallic superconductors, the Abrikosov vortex is characterized only by an integer winding number of phase. In unconventional superconductors, the superfluid of 3 He and the spinor cold atoms, internal degrees of freedom of the order parameter enrich the variety of vortices [1, 2, 3] .
Although a number of theoretical studies have predicted the existence of such unconventional vortices, experimental confirmation of them is still limited to several studies such as NMR spectroscopy of 3 He and imaging of spinor cold atoms [4, 5] . Here a Cooper pair in spin-triplet superconductors has electric charge 2e. Thus one can resolve the dynamics of unconventional vortices through electric transport. We will address this issue in the present Letter.
Sr 2 RuO 4 [6] is a promising candidate of spin-triplet chiral-p superconductor, (i.e., spin S = 1 and orbital angular momentum L = 1). Since two states belonging to different chirality degenerate in the ground state, bulk Sr 2 RuO 4 is considered to have chiral domain structures. Transport properties have been studied in relation to Josephson interferometry using bulk Sr 2 RuO 4 crystals to determine the symmetry of Cooper pairs and measure the dynamics of chiral domains [7, 8] . These experimental data on bulk Sr 2 RuO 4 should be considered as a result of ensemble averaging over possible chiral domain configurations.
Thus we need a small enough sample of Sr 2 RuO 4 rather than the domain size to study peculiar phenomena to a single chiral domain such as dynamics of a single chiral domain, spin supercurrent, and unconventional vortices [9, 10, 11] . Transport measurements, however, have never been carried out yet in a single domain because it is also difficult to attach electrical contacts to submicron Sr 2 RuO 4 crystals.
In this Letter, we will report an anomalous property of current-voltage (I − V ) characteristics in the single domain of Sr 2 RuO 4 . The creation of vortices gives the finite resistivity even when a temperature is well below the superconducting transition temperature. In fourterminal measurements, the induced voltage V is usually an odd function of the bias current I. Namely, V changes its sign when we flip the direction of current to the opposite direction, which implies the parity conservation [12] . However, we find in submicron Sr 2 RuO 4
samples that V has anomalous components which are even function of I. The existence of the anomalous components means that positive voltage is detected regardless of the current direction and suggests the the violation of parity [12] . To understand the nature of the anomalous I − V characteristics, we consider a simple model of vortex which has a helical internal structure characterized by a Hopf invariant. We also show that hydrodynamics of such a helical vortex violates the parity to retain the topological invariant. [15] . The samples were dispersed in dichloroethane by sonication and deposited on an oxidized Si substrate. We found typical samples of about 50 nm ∼ 500 µm.
Energy dispersion spectroscopy (EDS;EX-64175 JMU, JEOL) was used to determine the components of the submicron samples on the substrate. The molar fraction of the Sr and Ru elements was 2 : 1. We also confirmed that the dispersed crystals had no boundaries nor ruthenium inclusions on the sample surface by observing the crystal orientation using the electron backscatter diffraction pattern (EBSP; OIM TSL [16] ).
On the analysed Sr 2 RuO 4 , we fabricated gold electrodes using overlay electron beam lithography. The inset (a) in Fig. 1 shows a micrograph of our samples. The sample size is 2.50 µm × 1.88 µm × 0.10 µm. The sample electrode spacing is 0.63 µm. Since the fabricated sample surface may have the insulator surface of the layer crystals and the residual resist between the sample and the gold electrodes, it is difficult to form electrical contact. Therefore we performed a welding using an electron beam irradiation [17] . We heated each electrode on the sample for 15 s with a beam current irradiation of 2 × 10 −7 A.
As the result, we succeeded in greatly reducing the contact resistance below 10 Ω at room temperature.
The measurements were carried out in a dilution refrigerator (Kelvinox, Oxford) with a base temperature of 60 mK. All measurement leads were shielded. The lead lines were equipped with low pass RC filters (R = 1 kΩ, C = 22 nF). In the DC measurements, a bias current was supplied by a precise current source (6220, Keithley) and the voltage was measured with a nanovoltmeter (182, Keithley) by four-terminal measurements.
We measured the temperature dependence of the resistivity in the submicron Sr 2 RuO 4 .
The inset (b) of Fig. 1 represents temperature dependence of the resistivity in ab plane from room temperature down to 4.2 K. Figure 1 shows the resistivity ρ ab (4K) = 6.0 µΩ cm. This value is larger than the bulk resistivity by about three times [14] . We estimated the resistivity ρ ab from the sample size. Since Sr 2 RuO 4 have anisotropic resistivity ρ ab ≈ ρ c × 10 −3 µΩ cm, the resistivity ρ ab may actually be smaller than the estimation. Here the ratio ρ ab (300K)/ρ ab (4K) ∼ 40 is comparable to that of a bulk used in Ref. 6 . Hence we consider there is no degradation of the sample by the solvent. The results show transport properties of the submicron Sr 2 RuO 4 single crystals because the broader transition temperature width and the quantum fluctuations of the phase are characterized in mesoscopic superconductors [20] .
We observed anomalous the I −V characteristics in zero magnetic field. To analyze the ANV in more detail, we subtract linear part (ohmic contribution to voltage) from the I − V curves in Fig. 2(a) . The results are shown in Fig. 3 . We clearly find that the ANV has symmetric with respect to the zero bias current, (i.e., V 1 (+I) = V 1 (−I)).
Here the voltage V 1 represents the ANV of the induced voltage V = R * I + V 1 . These curves are described well by Lorentzian curve as shown with lines.
We discuss the physical difference between parity-violating I − V characteristics and negative resistance. Negative resistance itself is an unusual phenomenon. The phenomenon, however, is possible. It is intuitive to compare our result to the negative resistance of mesoscopic charge density waves (CDW) reported in Ref. [21] . In their report, the negative In what follows, we consider a spin-triplet Cooper pair as a spin-1 Boson with charge 2e. Babaev theoretically predicted that the ground state of such Boson system can have magnetic spin textures s characterized by a topological invariant known as helicity in zero magnetic field [10] . The equivalence between gauge transformation and spin rotation arises a term
in the Ginzburg-Landau energy functional, where is that the appearance of terms ∝ ( s · ∇ i s × ∇ j s) 2 . This results in the knotted solitons being protected against shrinkage by an energy barrier. According to Ref. [10] , the size of the knotted soliton is comparable to magnetic penetration length. Our sample satisfies this requirement about the size. We note that the sample size ≈ 1 µm and λ ab ≈ 152 nm.
In the Sr 2 RuO 4 single domain, a helical vortex could be created by the spin degree of freedom. If we accept the existence of such helical vortices, the anomalous I − V characteristics could be understood as a results of the conservation of a topological invariant in the helical vortex. Now let us consider the hydrodynamics of a helical vortex. In the initial state of the bias current I = 0, the helical vortex does not move. When we switch on a bias current I > 0, a clockwise helical vortex (ω > 0) exerts the Magnus force in a direction perpendicular to the current as shown in Fig. 4(a) . Here +y indicates the direction of Magnus force. On the other hand, for a bias current I < 0, the helical vortex changes its rotation frequency from clockwise (ω > 0) to counterclockwise (ω < 0) in order to retain topological invariant. As a consequence, the counterclockwise helical vortex also exerts the Magnus force +y direction as shown in Fig. 4(b) . Thus the direction of Magnus force is [1] M. Sigrist, and K. Ueda, Rev. Mod. Phys. 63, 239 (1991).
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